1. Introduction

23
Abalone are marine gastropods consisting of 56 24 described species found in both temperate and tropical 25 waters of both hemispheres (Bevelander, 1988; Geiger, 26 2000) . Abalone aquaculture has become an economi-27 cally important activity worldwide owing to a signifi-28 cant increase in consumer demand for this shellfish 29 product. World cultured abalone production has soared 30 phenomenally in recent times with over fifteen species 31 currently in commercial cultivation (Gordon and Cook, (Bevelander, 1988; Voltzow, 1994) but there is a scarcity 39 of information on the cellular and molecular constitu-40 ents of shellfish in general.
41
Immunohistochemistry is a technique that demon- 
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47 (usually an enzyme) to the antigen (Avrameas and Uriel, 48 1966; Nakane and Pierce, 1966) . Cell markers are 49 proteins characteristic of certain cell types. They may 50 arise as surface cell markers that are molecules or 51 proteins characteristic of the plasma membrane of a cell 52 or as intracellular proteins that occur within the cell. Cell 53 types and tissues express cell specific markers, which 54 can be identified through immunohistochemistry (Mill-55 er, 2002) .
56
The characterisation of cell types in higher vertebrates 57 has been researched extensively but the information 58 available for invertebrates remains scarce (Bacetti et al., 59 1984; Lyons-Alcantara et al., 1999) . The human antibody 60 repertoire can collectively target thousands of antigens but 61 there is currently a limited range of antibodies that react 62 with invertebrate antigens (Vullings et al., 1989; Lyons-63 Alcantara et al., 1999 Panasophonkul et al., 2004) . 64 Owing to this factor immunohistochemical techniques 65 have rarely been employed in the study of shellfish but 66 there are a few studies that have utilised immunolocalisa-67 tion methods. In marine research the use of monoclonal 68 antibodies and immunohistochemical techniques has 69 been concentrated in the study of marine immunology 70 and infectious disease (Yoshino and Granath, 1983; 71 Mialhe et al., 1988; Noёl et al., 1994; Coll and 72 Dominguez-Juncal, 1995; Roch, 1999; Xue and Renault, 73 2001) . More recently immunohistochemical methods, 74 using rabbit and mouse polyclonal antibodies, were 75 employed to locate serotonergic and FMRF-amidergic 76 neurons within the cerebral, pleuropedal and visceral 77 ganglia of Haliotis asinina (Panasophonkul et al., 2004) .
78
Immunohistochemistry has also been used in the 79 study of cytokeratins in fish and invertebrates (Markl 80 and Franke, 1988; Markl et al., 1989; Bunton, 1993; 81 Diogo et al., 1994) . Cells of the digestive gland of the
82
Norwegian prawn, Nephrops norvegicus, were char-83 acterised using immunohistochemistry (Lyons-Alcan-84 tara et al., 1999) and the localisation of the nuclear 85 protein PCNA within the nuclei of both fish and prawns 86 was also established using this technique (Suzuka et al., 87 1989; Ortego et al., 1994) . (Pruss et al., 1981) . with similar proteins present in abalone tissues using All animals were processed through the following 127 solutions: 10% formalin, spirit (95% ETOH), absolute 128 alcohol (× 5), xylene (× 3) and paraffin wax (× 2). Tissues 129 were embedded in paraffin wax and 5 μm sections were 130 cut using a microtome. Sections were set onto adhesive 131 APES (3-aminopropyltriethoxysilane) coated slides and (Tables 1 and 2 ).
152
The slides were rinsed in PBS (× 3) and incubated in Mayer's Haematoxylin for 1 min and dehydrated (Fig. 1B) . The positive reaction observed was not uniform rather 258 scattered throughout the cells of the intestine (Fig. 1C) .
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This cytokeratin was also expressed in the pedal epi-260 thelia of some abalone. (Fig. 1E) . Fig. 2 . A. Western blot of HeLa cells (11.3 μg) and abalone (H. discus hannai and H. tuberculata) tissue extracts (6.3 μg; 7 μg) using cytokeratin MNF 116 (DAKO). B. Western blot of HeLa cells (11.3 μg) and abalone (H. discus hannai and H. tuberculata) tissue extracts (6.3 μg; 7 μg) using cytokeratin AE1 (Serotec). C. Western blot analysis of HeLa cells (11.3 μg) and abalone (H. discus hannai and H. tuberculata) tissue extracts (6.3 μg; 7 μg) using PCNA (Serotec). D. Western blot of CHO cells (8.1 μg) and abalone (H. discus hannai and H. tuberculata) tissue extracts (6.3 μg; 7 μg) using vimentin V9 (Serotec).
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The antibody laminin was expressed in the basement 271 membrane below the pedal epithelial layer of the 272 abalone foot (Fig. 1F) .
273
Another clone of vimentin was used in this section of 274 the study. A granular staining pattern was expressed in 275 the cytoplasm of the right renal organ of abalone using 276 this antibody (Fig. 1G) 
285
Western blot analysis confirmed the presence of 286 cytokeratins in abalone using MNF and AE1 antibodies. 287 The broad spectrum antibody cytokeratin MNF which 288 detects a wide range of proteins, revealed proteins with 289 molecular weights of between 25 and 175 kDa in the 290 HeLa positive control ( Fig. 2A) . With abalone samples, 291 3 strong bands with molecular weights of 100, 83 and 292 70 kDa approximately were identified and weaker bands 293 were observed in the 32.5-47.5 kDa range ( Fig. 2A) . A 294 very strong band at 83 kDa in the second sample can be 295 observed in Fig. 2A . The lower molecular weight bands 296 correspond to keratins 5, 6, 8, 17 and 19 while the high 297 molecular weight proteins identified do not correspond 298 to known cytokeratins.
299
The antibody cytokeratin AE1 identifies proteins 300 with molecular weights of 40-56.5 kDa. A single band 301 with a molecular weight of 56.5 kDa approximately was 302 identified in both the positive HeLa control cells and 303 abalone samples, which corresponds to cytokeratin 10 304 (Fig. 2B) .
305
Western blot analysis with PCNA identified clear 306 bands with a molecular weight of approximately 36 kDa 307 in the HeLa positive control and whole protein extracted 308 from abalone tissues (Fig. 2C) . In Fig. 2C specific 309 bands between 83 and 175 kDa can be observed de-310 spite a lower concentration of protein than the positive 311 control.
312
Stronger bands observed with HeLa positive controls 313 compared with abalone protein in western blots with 314 antibodies AE1 and PCNA, could be indicative of 315 higher concentrations of extracted protein.
316
Protein bands were detected in abalone tissues with 317 the vimentin antibody using western blotting (Fig. 2D) . 318 A band was observed in the CHO positive control which 319 corresponds to the 57 kDa band expected with vimentin. 
335
Previous studies have used immunohistochemistry to 336 study the hemocytes/immune cells of molluscs (Yoshino 337 and Granath, 1983; Ottaviani, 1989; Noёl et al., 1994; 338 Xue and Renault, 2001 ). These studies focused on the 339 definition of molluscan hemocyte type and the deter-340 mination of hemocyte distribution within tissues using 341 antibodies produced specifically to detect these cells. (Lyons-Alcantara et al., 1999 . (Leong et al., 2002) . Four cytokeratins were 360 tested, and two were expressed in abalone tissues. PCNA is a multifunctional cell marker representing a 371 component of DNA polymerase-δ. It is a proliferating 372 cell marker producing a staining pattern that is generally 373 confined to the nuclei of actively proliferating tissues 374 and cells. This cell marker has been detected in 375 mammals, prawns, fish and some higher plants (Suzuka 376 et al., 1989; Ortego et al., 1994; Lyons-Alcantara et al., 377 1999) . In this study PCNA was detected in abalone 378 tissues. Antigens in the nuclei of the reproductive organs 379 of both male and female abalone reacted positively with 380 this antibody. Cells of the gonad are constantly 381 undergoing proliferation giving rise to new cells thus 382 explaining the presence of PCNA in these areas. Not all 383 abalone proliferating cells expressed this antigen, 384 mainly epithelial proliferating cells. PCNA positivity 385 was also located in the nuclei of epithelial cells of the 386 hepatopancreas, however the degree of positivity within 387 epithelial tissues was scattered. Western blot analysis 388 also confirmed the presence of PCNA in abalone tissues 389 and additional molecular weight bands, higher than the 390 36 kDa specific band were observed.
391
Vimentin, a protein expressed in virtually all 392 mesenchymal cells was also present in abalone tissues. 393 Vimentin has been shown to produce a cytoplasmic 394 pattern of staining in the invertebrate Drosophila 395 melanogaster (Walter and Biessmann, 1984) and has 396 been recognised as a cytoskeletal constituent of many 397 fish tissues (Nelson and Traub, 1982; Gyoeva et al., 398 1987) and in invertebrate tissues (Karabinos et al., 399 1998) . Markl et al. (1989) used gel electrophoresis, 400 immunostaining and immunoblot assays to identify 401 vimentin in rainbow trout tissues. They concluded that 402 the identified cytoskeletal protein is homologous to 403 mammalian vimentin but it only makes up a very small 404 component of the cytoskeleton. In this study the V9 405 clone (57 kDa) detected vimentin in the kidney of 406 abalone and a granular cytoplasmic staining pattern was 407 observed which was confirmed by western blotting with 408 bands in the 57 kDa range but more definite bands were 409 observed at 83 kDa.
410
Three different antibodies were employed to detect 411 elements of the nervous system of abalone, NSE, 412 neurofilament and S100. Neurofilament and S100 413 were not detected while NSE, an isoenzyme of enolase 414 present in neurons and neuroendocrine cells (Leong et 415 al., 2002) (Sarras et al., 1994; Zhang et al., 1994; Yurchenco 430 and Waddsworth, 2004 
